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57 ABSTRACT 

An apparatus and method for transmitting a hazardous 
electromagnetic beam (10). A hazardous beam (10) and a 
non-hazardous beam (12) are generated and directed along 
respective paths which are Substantially parallel and either at 
least partially coincident or in close proximity So that an 
object will traverse the path of the non-hazardous beam (12) 
immediately before it is impinged by the hazardous beam 
(10). Any disturbance of the non-hazardous beam (12) by an 
object is detected and the hazardous beam (10) is disabled in 
response to a predetermined disturbance. 

28 Claims, 2 Drawing Sheets 
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EYESAFE TRANSMISSION OF HAZARDOUS 
LASER BEAMS 

FIELD OF THE INVENTION 

This invention relates to the transmission of a hazardous 
electromagnetic beam and the particular though certainly not 
exclusive application to the transmission of a hazardous 
laser beam, for example a non-eyesafe laser beam. 

BACKGROUND ART 

It is often necessary or desirable to transmit a continuous 
wave (CW) or pulsed laser beam through a space which, 
though not continuously occupied by humans, is used or 
traversed by humans. If the laser beam exceeds safe levels 
for human exposure, to the eye or other organs, then the 
transmission introduces a Serious hazard to the Space which 
may cause injury to any person who inadvertently crosses 
the path of the beam. Similar considerations apply to other 
objects, eg: animals for which the beam may be hazardous. 
One approach to this problem in the past has been to avoid 

the hazard at Source, that is by adopting eyesafe lasers for the 
Specific application. This was achieved by maintaining 
energy/power output at Safe levels, or through the use of 
eyesafe wavelengths, eg. 1.5 to 1.6 lim. Where this approach 
was not Satisfactory, it has been known to employ co-aligned 
radar Systems which detect humans and other objects in the 
ray path and disable the transmission upon detection. 

DISCLOSURE OF THE INVENTION 

In many circumstances, it is not possible to use these 
techniques, and it is therefore an object of the invention to 
provide an alternative technique for the Safe transmission of 
hazardous electromagnetic beams. 

The present invention is based on the concept of provid 
ing a cladding or barrier beam of non-hazardous radiation 
which is employed to detect objects before they can pen 
etrate to the hazardous beam. In a preferred arrangement, 
non-hazardous radiation wholly Surrounds and clads the 
hazardous beam which then becomes a protected core within 
or at the centre of the cladding radiation. 

The invention accordingly provides, in a first aspect, 
apparatus for transmitting a hazardous electromagnetic 
beam comprising a means to generate Said hazardous beam 
and a non-hazardous electromatic beam; means to direct 
each of Said beams along respective paths which are Sub 
Stantially parallel and either at least partially co-incident or 
in close proximity So that an object will traverse the path of 
the non-hazardous beam immediately before it is impinged 
by the hazardous beam; and means to detect disturbance of 
non-hazardous beam by an object and disable transmission 
of Said hazardous beam in response to a predetermined 
disturbance of Said non-hazardous beam So as to eliminate or 
Substantially reduce the hazard posed by Said hazardous 
beam. 

In a further aspect, the invention provides a method of 
transmitting a hazardous electromagnetic beam comprising 
the Steps of generating Said hazardous beam and a non 
hazardous electromagnetic beam; directing Said beams 
along respective predetermined paths which are Substan 
tially parallel and either at least partially co-incident or in 
close proximity So that an object will traverse the path of the 
non-hazardous beam immediately before it is impinged by 
the hazardous beam; and detecting disturbance of the non 
hazardous beam by an object, and in response to a prede 
termined disturbance of the non-hazardous beam disabling 
transmission of Said hazardous beam. 
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2 
In a particular application, the hazardous electromagnetic 

beam is a laser beam, e.g. a continuous wave or pulsed laser 
beam. The non-hazardous electromagnetic beam is then 
preferably also a laser beam, most preferably a pulsed laser 
beam. 

In one embodiment, the path of the non-hazardous beam 
includes a Segment which in croSS-Section is adjacent to the 
path of the hazardous beam. In a particularly preferred 
embodiment, this Segment wholly Surrounds and thereby 
clads the path of the hazardous beam. In this arrangement, 
the path of the hazardous beam is effectively a core coaxial 
with or within the path of the non-hazardous beam. 

In another embodiment, the paths of the hazardous and 
non-hazardous beam are at least partially coincident but the 
hazardous beam is pulsed So that detected disturbance of the 
non-hazardous beam may occur in the path of the hazardous 
beam but between pulses. 

The means to generate the hazardous and non-hazardous 
beams may comprise Separate laser emitting Sources. 
Alternatively, there may be one laser Source emitting, eg: the 
hazardous beam, and means Such as a parametric conversion 
device for receiving a portion of this transmission and 
responding by emitting the non-hazardous beam, e.g. a laser 
beam at a wavelength in the range 1.5 to 1.8 um, preferably 
in the range 1.5 to 1.6 um, eg. 1.54 um. 

It will be understood that the non-hazardous beam would 
have parameters eg: a repetition rate or pulse frequency 
and/or a cross-section Selected for a particular application to 
match the expected time for an object, eg: a perSon or 
animal, to traverse the path of the non-hazardous beam, 
before it is impinged by the hazardous beam, while causing 
the detectable predetermined disturbance to the non 
hazardous beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further described, by way of 
example only, with reference to the accompanying drawings, 
in which: 

FIG. 1 is a diagram of a preferred cross-section of a beam 
configuration in which an eyesafe beam wholly clads a core 
comprising a hazardous beam; and 

FIG. 2 is a simple block diagram of laser transmission 
apparatus in accordance with an embodiment of the inven 
tion. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 depicts a simple but preferred beam configuration 
produced by apparatus in accordance with an embodiment of 
the invention. A composite electromagnetic beam 5 includes 
a relatively smaller cross-section laser beam 10, which is 
hazardous to the extent that it is non-eyesafe in relation to 
wavelength and power, directed coaxially with a Substan 
tially broader laser beam 12 comprising of eyesafe laser 
radiation, e.g. of 1.54 micron. The eyesafe beam is thus 
directed along a path that includes a Segment of annular 
cross-section which wholly clads the non-eyesafe beam 10 
at its core. The path of eyesafe beam 12, which may be 
referred to as a cladding beam, may either be coaxial with 
the non-eyesafe beam So that the latter is coincident with a 
core portion of the former, or they may be Substantially 
distinct in Space, or to intermediate these conditions, ie: with 
Some overlap. 

FIG. 2 depicts an optical arrangement for generating the 
composite beam of FIG. 1. Respective laser sources 20, 22 
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generate non-eyesafe and eyesafe beams 21.23. The former 
may, for example, be an Nd:YAG laser emitting at 1.06 um 
and the latter an erbium doped glass laser emitting a pulsed 
output at 1.54 um. These beams are merged to form a 
composite beam 5 of the configuration shown in FIG. 1 by 
means of a simple reflecting mirror 24 for beam 21 and a 
dicroic mirror 26 for transmitting beam 21 and reflecting 
beam 23. 

Detection of a disturbance of cladding beam 12 in this 
case is by return of a reflected or Scattered signal via mirror 
26 and a transmit/receive direction Switch 27 to a Suitable 
optical detector 28. At a given or predetermined level of 
detected disturbance, detector 28 responds by outputting an 
electrical trigger pulse on line 29. A common electrical fire 
signal for the lasers on line 30 is divided for non-eyesafe 
laser 20 into a first component on line 35 which is delayed 
by a 200 microSecond delay 32 and a Second component 
directed via flip flop 38 on line 36. The two components are 
merged at AND gate 34, and non-eyesafe laser 20 is disabled 
when a trigger pulse on detector output line 29 resets flip 
flop 38 and thereby sets AND gate 34 to a non-fire condition. 

It will be appreciated that the configuration of FIG. 2 
entails Single-ended monitoring. The principle of the inven 
tion does of course extend to double-ended optical links, in 
which the cladding beam is monitored at the receiving end 
of the link. In this case, CW cladding beams can be used. 
A number of examples of the application of the invention 

to particular situations, and of the consequent Selection of 
the parameters of the cladding beam, will now be outlined. 
These examples utilise an optical arrangement Similar to 
FIG. 2 and a beam configuration of the form shown in FIG. 
1. The determinations of parameters rely on conventional 
lidar equations for a cladding laser wavelength of 1.54 
micron. It will of course be appreciated that any eyesafe 
pulsed laser will Suffice, including lasers in the broad 
eyesafe wavelength range 1.5 to 1.8 micron, or a low-energy 
laser pulses outside this wavelength band. 

EXAMPLE 1. 

Office or Factory Area with CW Laser 
Transmission 

(a) Human speed=10 m/sec (max) 
(b) Cladding radial thickness=0.1 m (parameter 40 in FIG. 
1) 
(c) Required repetition rate=100 Hz (from a+b) 
(d) Length of line=200 m 
(e) Energy of cladding pulse=1 mJ (from Lidar equation) 

Thus a non-eyesafe beam could be rendered eyesafe by a 
100 Hz/1 m) cladding system. This system would detect 100 
mm size targets at up to 200 m with 99.999% probability, or 
10 probability of failure (PF). The detection of disturbance 
to the non-hazardous beam is used to disable the core laser 
Safely, before penetration of its beam by the detected object, 
ie: before the object laterally traverses the 0.1 m lateral 
thickness of the cladding beam. 

For a 5 m/s human speed (normal running), the probabil 
ity of failure (PF) is 10', as two consecutive pulses must 
fail to detect the human. If the cladding beam was raised to 
500 Hz, the PF falls to 10° for a 10 m/s “target”. 

EXAMPLE 2 

Airspace with CW Laser Transmission 
(a) Aircraft speed=250 m/s (jet aircraft) 
(b) Cladding radial thickness=0.25 m 
(c) Required repetition rate=1KHZ 
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4 
(d) Length of link=30 km (Slant path through atmosphere) 
(e) Energy of cladding pulse=50 m (Lidar equation) 

This system gives only PF=10% at 30 km on a first shot 
basis. However, no known aircraft flying at 10 km can 
expose a human eye as its first beam contact. At least 1 m 
of aircraft has entered the beam before human exposure is 
possible. 
The PF over four shots (1 m penetration) is 10 (as the 

aircraft enters the cladding beam the PF on each shot falls), 
which when coupled with the low probability of incidence 
(ie: beam intersecting aircraft) gives reasonable Safety lim 
its. 

EXAMPLE 3 

Pulsed Laser 

Pulsed lasers are much simpler and easier to protect. The 
cladding requirement becomes simply one of firing the 
cladding pulse prior to the core pulse, Such that no object of 
concern (usually a human or a vehicle carrying humans) can 
penetrate the core beam without being detected by the 
cladding pulse. 

In this case, it is not even necessary to Spatially Separate 
the two beams, except that it is preferable to have the 
cladding beam diameter greater than the core beam diameter. 
(a) Aircraft speed=250 m/s 
(b) Core laser frequency=100 Hz 
(c) Cladding laser frequency=100 Hz (same as b) 
(d) Length of link=30 km 
(e) Laser timing difference=200 uS (2 way range) 
(f) Required cladding thickness=5 cm (axe) 
(g) Energy of cladding pulse=50 m.J 
The PF of this sample system is 10% (10) per shot at 30 

km. If the cladding thickneSS is increased to 20 cm, and the 
energy to 100 ml), the PF falls to 3.6x107 at maximum 
range. 

Throughout this Specification, unless the context requires 
otherwise, the word “comprise', or variations Such as “com 
prises” or “comprising”, will be understood to imply the 
inclusion of a Stated integer or group of integers but not the 
exclusion of any other integer or group of integers. 
The described arrangement has been advanced merely by 

way of explanation and many modifications may be made 
thereto without departing from the Spirit and Scope of the 
invention which includes every novel feature and combina 
tion of novel features herein disclosed. 
What is claimed is: 
1. An apparatus for transmitting a hazardous laser beam, 

comprising: 
means to generate a hazardous laser beam and an eyesafe 

laser beam; 
means to direct each of Said beams along respective paths 

which are Substantially parallel and at least partially 
co-incident So that an object will traverse the path of the 
eyesafe beam immediately before it is impinged by the 
hazardous beam; and 

means to detect reflection of the eyesafe beam by an 
object and disable transmission of Said hazardous beam 
in response to a predetermined reflection of Said eye 
Safe beam. 

2. An apparatus as claimed in claim 1, wherein the path of 
Said eyesafe beam includes a Segment which in cross-section 
is adjacent to the path of Said hazardous beam. 

3. An apparatus as claimed in claim 2, wherein Said 
Segment at least partially Surrounds the path of Said hazard 
ous beam. 
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4. An apparatus as claimed in claim 2, wherein Said 
Segment wholly Surrounds and thereby clads the path of Said 
hazardous beam. 

5. An apparatus as claimed in claim 1, wherein Said 
hazardous beam is pulsed, said reflection of Said eyesafe 
beam is detected between Said pulses and in the path of the 
hazardous beam. 

6. An apparatus as claimed in any one of claim 1, wherein 
Said hazardous beam is a pulsed laser beam. 

7. An apparatus as claimed in any one of claim 1, wherein 
Said eyesafe beam is a pulsed laser beam. 

8. An apparatus as claimed in any one of claim 1, wherein 
Said hazardous beam and Said eyesafe beam are generated by 
Separate laser emitting Sources. 

9. An apparatus as claimed in any one of claim 1, wherein 
Said hazardous beam and Said eyesafe beam are generated by 
the same laser emitting Source and Said eyesafe beam is 
generated from a portion of Said hazardous beam. 

10. A method of transmitting a hazardous beam compris 
ing: 

generating a hazardous laser beam and an eyesafe laser 
beam; 

directing Said beams along respective predetermined 
paths which are Substantially parallel and at least 
partially co-incident So that an object will traverse the 
path of the eyesafe beam immediately before it is 
impinged by the hazardous beam; and 

detecting reflection of the eyesafe beam by an object, and 
in response to a predetermined disturbance of the 
eyesafe beam disabling transmission of Said hazardous 
beam. 

11. A method as claimed in claim 10, wherein the path of 
Said eyesafe beam includes a Segment which in cross-section 
is adjacent the path of Said hazardous beam. 

12. A method as claimed in claim 11, wherein Said 
Segment at least partially Surrounds the path of Said hazard 
ous beam. 

13. A method as claimed in claim 11, wherein said 
Segment wholly Surrounds and thereby clads the path of Said 
hazardous beam. 

14. A method as claimed in claim 10, wherein said 
hazardous beam is pulsed, said reflection of Said eyesafe 
beam is detected between Said pulses and in the path of the 
hazardous beam. 

15. A method as claimed in any one of claim 10, wherein 
Said hazardous beam is a pulsed laser beam. 

16. A method as claimed in any one of claim 10, wherein 
Said eyesafe beam is a pulsed laser beam. 

17. A method as claimed in claim, wherein Said hazardous 
beam and Said eyesafe beam are generated by Separate laser 
emitting Sources. 

18. A method as claimed in claim 10, wherein said 
hazardous beam and Said eyesafe beam are generated by the 
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6 
laser emitting Source and Said eyesafe beam is generated 
from a portion of Said hazardous beam. 

19. An apparatus for transmitting a hazardous beam 
comprising: 
means to generate a hazardous laser beam and an eyesafe 

laser beam; 
means to direct each of Said beams along respective paths 

which are Substantially parallel and in close proximity 
So that an object will traverse the path of the eyesafe 
beam before it is impinged by the hazardous beam; and 

means to detect reflection of the eyesafe beam by an 
object and disable transmission of Said hazardous beam 
in response to a predetermined reflection of Said eye 
Safe beam. 

20. An apparatus as claimed in claim 19, wherein Said 
hazardous beam is a pulsed laser beam. 

21. An apparatus as claimed in claim 19, wherein Said 
eyesafe beam is a pulsed laser beam. 

22. An apparatus as claimed in claim 19, wherein Said 
hazardous beam and Said eyesafe beam are generated by 
Separate laser emitting Sources. 

23. An apparatus as claimed in claims 19, wherein Said 
hazardous beam and Said eyesafe beam are generated by the 
Same laser emitting Source and Said eyesafe beam is gener 
ated from a portion of Said hazardous beam. 

24. A method of transmitting a hazardous beam compris 
ing: 

generating a hazardous laser beam and an eyesafe laser 
beam; 

directing Said beams along respective predetermined 
paths which are Substantially parallel and in close 
proximity so that an object will traverse the path of the 
eyesafe beam before it is impinged by the hazardous 
beam; and 

detecting reflection of the eyesafe beam by an object, and 
in response to a predetermined disturbance of the 
eyesafe beam disabling transmission of Said hazardous 
beam. 

25. A method as claimed in claim 24, wherein said 
hazardous beam is a pulsed laser beam. 

26. A method as claimed in claim 24, wherein Said eyesafe 
beam is a pulsed laser beam. 

27. A method as claimed in claim 24, wherein said 
hazardous beam and Said eyesafe beam are generated by 
Separate laser emitting Sources. 

28. A method as claimed in claim 24, wherein said 
hazardous beam and Said eyesafe beam are generated by the 
laser emitting Source and Said eyesafe beam is generated 
from a portion of Said hazardous beam. 
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